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2ogous to that of paper I, and can be transcribed immedi-






for MPE to those for TME in I. In section VII the re-
sults from a t to the NN -data are shown and discussed.
Here, phase shifts are given for T
Lab
 350 MeV and the
pair-couplings are compared to the values expected from
e.g. chiral lagrangians.
In Appendix A the pair-interaction Hamiltonians are
listed. In Appendix B the -representations for the MPE-
denominators are given. In Appendix C we give the in-
tegration dictionary for the gaussian integrals that occur
in MPE but not in TME. In Appendix D a derivation for
the potentials due to the 'derivative scalar pair' interac-




-coupling in A1a is outlined. This for
completeness, since although we do not employ this kind
of pair interaction, it occurs occurs often in the current
literature. In Appendix E the full SU
f
(3) contents of our
pair interactions is shown.
II. MOMENTUM SPACE REPRESENTATION MPE-POTENTIALS
Here, we give an outline the essentials of the procedure to derive our new momentum space representation for the
MPE-potentilas. These procedures have been described in I, to which we refer for details. Here, we focuss on the
peculiar features that occur in the application to the MPE-potentials.











































































) can be of the form







































































i.e. M;N = 2 is the modied Yukawa type and M;N = 0 is the Gaussian type. Below, we give for the dierent cases
the momentum space representation, similar to the one that has been developed in paper I:








































































































































































 . This denition implies that in (2.5) the u-integration
can simply be performed by the substitution u! u
0
in the integrand.


























































of this section, and similar integrals below in this paper, we introduce the following convenient





























with common weight function w
0
(t; u) dened as
w
0


























The form in which these basic integrals appear in MPE depends on two factors:











). Also these will be given in the next section.
III. MESON-PAIR EXCHANGE POTENTIALS
In [4] the derivation of the pair-exchange potentials
both in momentum and in conguration space is given.
In this reference the conguration space potentials
are worked out fully. The topic of this paper is to
do the same for the momentum space description. In
particular, the partial wave analysis is performed leading
to a representation which is very suitable for numerical
evaluation.
From [4] and equation (3.1) it follows that the momen-





























































where the index n distinguishes one-pair (n = 1) and
two-pair (n = 2) meson-pair exchange, and () refers
to the particular meson pair that is being exchanged.
The subscript p = fad; na; pvg distinguishes respectively
the adiabatic-, the non-adiabatic-, pseudovector vertex-,
and o-shell-contributions. Here, the last three are the
1=M -corrections to the MPE-potentials.
The product of the coupling constants in the cases n =
















with appropriate powers of m

, depending on the deni-
tion of the Hamiltonians given in [4], section II.




in Tables IV and VI. For completeness, these Tables also
contain the isospin factors C
(n)
() as derived in Ap-










which only contributes in the nonadiabatic contribution,
see [4], section 4. In the adiabatic potential, as explained





The energy denominators D
(n)
p
are also discussed in
detail in [4]), section II, in terms of the time-ordered
processes involved in one- and two-pair exchange. These





. Another sourse of !
1;2
-
dependence comes from vertices with derivatives, and the
non-adiabatic expansion terms. It appears from [4] that

































where in terms of the integer powers p
i
(i = 1; 2; 3) the




























































FIG. 1: Time-ordered (a)-(c) one-pair and (d) two-pair dia-
grams. The dashed line with momentum k
1
refers to the pion
and the dashed line with momentum k
2
refers to one of the
other (vector, scalar, or pseudoscalar) mesons. To these we
have to add the \mirror" diagrams, where for the one-pair




are listed in Tables V and
VI.
The evaluation of the momentum integrations can now
readily be performed using the methods given in [4, 11].




dependence can be achieved in all cases using
the -integral representation, rst introduced in [11]. In
Appendix B the occurring -integrals are listed. From
the listing in B one readily sees that for the derivation of
the representation similar to that one in Eqs. (2.4)-(2.6)















































In paper I it has been shown that all the occurring -
integrals can be performed analytically. The result for





















































































(t; u) that occur in this work
are given in Table VII. As noted in section II we will
use only representations with M = N = 2, so that no
Æ(t  t
0
) or Æ(u  u
0
) occurs.
IV. PROJECTION MPE ON SPINOR INVARIANTS I
ADIABATIC CONTRIBUTIONS
The MPE-contributions from the adiabatic terms, the non-adiabatic- and pseudovector vertex corrections are the
central-, spin-spin-, tensor-, and spin-orbit momentum space analogs of those given in Reference [4] in conguration
space. From (3.1), Tables IV-VI, and Table V it is readily veried that the projection onto the potentials V
j
, similarly






































































































































































































































































































































































































































































































































































































































































































































































































































: Adiabatic (P )-Exchange potentials







in section II. Furthermore,

























































































































































































 Æ(u   u
0
) : (4.8d)










: Adiabatic 'derivative' ()
0
-Exchange potentials
The derivative pair-potentials in coordinate space have been derived in [12] in detail. A summary of this is given



































































































































































































(t; u) ; (4.10b)
V. PROJECTION MPE ON SPINOR INVARIANTS II
1=M CORRECTIONS
The non-adiabatic- and pseudovector vertex-corrections have been given in [4], section IV. Similar to Eq. (4.1) we































































































) that occur in Eq. (3.1)







































































































































































































































































































































































































































































































(t; u) is dened in (B3).
B. Pseudovector-vertex Corrections






















































































































































































































































































































































































































dened in (4.2) are tabulated in Tables VIII-XII.
For (P )-exchange, the 1=M
N
non-adiabatic and pseudo-vector vertex corrections can be read o from those for ()





(P )-pair exchange are given explicitly.
VI. PARTIAL WAVE ANALYSIS



































































Therefore, the partial wave analysis runs along the same lines as described in sections VI and VII of paper I for the
TME-potentials. We refer the reader to this paper for the details.
VII. ESC-MODEL, RESULTS
The momentum space formulas for the potentials of
this paper and paper I have been checked numerically.
This is done by solving the Lippmann-Schwinger equa-
tion and comparing the phase shifts with those obtained
by solving the Schrodinger equation using the x-space
equivalent of the potentials.
After the completion of the p-space formalism we per-
formed a 
2
-t with the ESC-model to the 1993 Nijmegen
representation of the 
2
-hypersurface of the NN scatter-
ing data below T
lab
= 350 MeV [15].
This tting was executed in x-space using the equiva-
lent x-space potentials. The reason for this is the much
faster evaluation of the ESC-model in x-space. We ob-
tained a 
2
=Ndata = 1:15. The phase shifts are shown
in Fig.s 2-5. In Table III the results are shown for the
ten energy bins, where we compare the results from the
updated partial-wave analysis with the ESC potentials.
In Table I we show the OBE-coupling constants and
the gaussian cut-o's . The used  =: F=(F + D)-
ratio's for the OBE-couplings are: pseudo-scalar mesons

pv









= 0:914, which is computed us-




(993) coupling etc.. In Ta-
ble II we show the MPE-coupling constants. The used
 =: F=(F +D)-ratio's for the MPE-couplings are: ()
etc. and (!) pairs (f8
s





















We emphasize that we use the single-energy (s.e.)
phases and 
2
-surface [17] only as a means to t the
NN-data. As stressed in [15] the Nijmegen s.e. phases
have not much signicance. The signicant phases are
the multi-energy (m.e.) ones, see the dashed lines in the
gures. One notices that the central value of the s.e.
phases do not correspond to the m.e. phases in gen-
eral, illustrating that there has been a certain amount
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3F3
FIG. 2: Solid line: proton-proton I = 1 phase shifts for
the ESC-model. The dashed line: the m.e. phases of the
Nijmegen93 PW-analysis [15]. The black dots: the s.e. phases






= 0:99, using 39 phenomenological parame-
ters plus normalization parameters. The related phe-
nomenological PW-potentials NijmI,II and Reid93 [18],
with respectively 41, 47, and 50 parameters, all with

2
=Ndata = 1:03. This should be compared to the ESC-




= 1:15 using 20 parameters.
These are 9 meson-nucleon-nucleon couplings, 8 meson-
pair-nucleon-nucleon couplings, and 3 gaussian cut-o
parameters. From the gures it is obvious that the ESC-
model deviates from the m.e. PW-analysis at the highest
energy in particular. If we evalute the 
2
for the rst 9





We mentioned that we do not include negative energy
state contributions. It is assumed that a strong pair
suppression is operative at low energies in view of the
composite nature of the nucleons. This leaves us for the
pseudo-scalar mesons with two essential equivalent inter-
actions: the direct and the derivative one. In expanding
the NN- etc. vertex in 1=M
N
these two interactions dif-
fer in the 1=M
2
N












































0 100 200 300
 
3H4
FIG. 3: Solid line: proton-proton I = 1 phase shifts for
the ESC-model. The dashed line: the m.e. phases of the
Nijmegen93 PW-analysis [15]. The black dots: the s.e. phases
of the Nijmegen93 PW-analysis. The diamonds: Bugg s.e.
[16].

















































is okay. One possible
explanation would be that part of the -exchange is re-
placed by the 2-pair ()
1
-exchange, which has identical
quantum numbers. This still leaves room for the inter-
pretation of the 1-pair ()
1
-exchange as a form factor
correction. Another interesting possibility is that leaving







the vector meson couplings. This can be seen as follows.
At high energies and low to moderate momentum trans-















4 one can cancel
the change in the -exchange potential by the inclusion of
a
2































0 100 200 300
 
3G4
FIG. 4: Solid line: neutron-proton I = 0 phase shifts for
the ESC-model. The dashed line: the m.e. phases of the
Nijmegen93 PW-analysis [15]. The black dots: the s.e. phases
of the Nijmegen93 PW-analysis. The diamonds: Bugg s.e.
[16].
TABLE I: Meson parameters of the tted ESC-model. Phases
are shown in Figs. 2 to 5. Coupling constants are at k
2
=
0. An asterisk denotes that the coupling constant is not
searched, but constrained via SU(3) are simply put to some
value used in previous work.
































with a mass 1 GeV=c
2
, like the axial and tensor mesons
we leave as a future project.
Unlike in [3, 4], we did not x pair couplings using a
theoretical model, based on heavy-meson saturation and
chiral-symmetry. So, in addition to the 14 parameters
used in [3, 4] we now have 6 pair-coupling t parameters.
In Table II the tted pair-couplings are given. Note that
the ()
0
-pair coupling gets contributions from the f1g
and the f8
s
g pairs as well, giving in total g
()
= 0:10,













































0 100 200 300
 
3G3
FIG. 5: Solid line: neutron-proton I = 0 phase shifts for
the ESC-model. The dashed line: the m.e. phases of the
Nijmegen93 PW-analysis [15]. The black dots: the s.e. phases
of the Nijmegen93 PW-analysis. The diamonds: Bugg s.e.
[16].
TABLE II: Pair-meson coupling constants employed in the















































with a more complex and realistic meson-dynamics [9]
this coupling is predicted as found in the present ESC-
t. The ()
1
-coupling agrees nicely with A
1
-saturation,
see [4]. We conclude that the pair-couplings are in gen-
eral not well understood, and deserve more study.






per datum at the ten energy bins
for the Nijmegen93 Partial-Wave-Analysis. N
data
lists the
number of data within each energy bin. The bottom line gives
the results for the total 0  350 MeV interval. The 
2
-access

















0.383 144 137.5549 21.3 0.960 0.148
1 68 38.0187 55.7 0.560 0.819
5 103 82.2257 13.0 0.800 0.127
10 209 257.9946 78.1 1.234 0.269
25 352 272.1971 44.3 0.773 0.126
50 572 547.6727 137.4 0.957 0.240
100 399 382.4493 27.6 0.959 0.069
150 676 673.0548 82.9 0.996 0.123
215 756 754.5248 108.0 0.998 0.143
320 954 945.3772 305.0 0.991 0.320
Total 4233 4091.122 864.2 0.948 0.201
SU (3)-symmetry. In Appendix E we display the full








, and besides ()-pairs one sees
also that (KK

(I = 1)- and KK

(I = 0)-pairs con-
tribute to the NN potentials. All F=(F +D)-ratio's are
taken xed with heavy-meson saturation in mind. The
approximation we have made in this paper is to neglect







This because we have not yet worked out the formulas for
the inclusion of these mass dierences, which is straight-
forward in principle.
VIII. CONCLUSIONS AND OUTLOOK
The presented ESC-model is very succesfull and exi-
ble in describing the NN-data. It can be developed and
extended in various ways. First, we plan to extend the























This includes retardation at the level of the OBE-
potentials. Secondly, one may extend the TME-
potentials including besides ps-ps also the ps-vector, ps-
scalar, etc. potentials. Thirdly, the inclusion of the
axial- and tensor-mesons, which we discussed in connec-
tion with EXD.
The momentum space formulation of the ESC-model
also suggests a covariant formulation. Consider an Eec-
tive Field Theory and suppose that it allows the Wick-
rotation. Then, assuming in Euclidean space a Gaussian
cut-o, one can use a representation completely akin to
2.3 etc. For example, this opens the way to analyse the
expansion in loops in the presence of a strong cut-o.
Also, one could evaluate the ESC-model using the Bethe-
Salpetyer equation.
The presented ESC-model can be applied in various
ways: (i) The study of Few-body systems in momentum
space, (ii) The study of Meson-Exchange-Current (MEC)
corrections, (iii) The derivation of 3-body forces consis-
tent with the 2-body forces. (iv) G-matrix etc. descrip-
tion of Nuclear Matter.
APPENDIX A: PAIR INTERACTION HAMILTONIANS

































































































































































































































































































































































, see [3]. The corresponding d
na






















t + u : (B3)
APPENDIX C: INTEGRATION DICTIONARY
In this appendix we give a dictionary for the evaluation of the momentum integrals that occur in the matrix elements
of the TME-potentials. The results of the d
3
-integration are given apart from a factor (4a)
 3=2
(a = t+u), common
to all integrals. Using the results given in Appendix B of paper I, one obtains:



















































































































































































































































































































































































































































































































































APPENDIX D: DERIVATIVE SCALAR-PAIR POTENTIALS
















 appears in the linear -model. The latter is useful in keeping the scalar
meson width's within reasonable bounds as the scalar mass increases. Also, derivative couplings to baryons were
considered in the context of an SU
f
(3) generalization in [9]. In the (NN2) eective eld-theory lagrangian [14] the



















































= 185 MeV. The correspondence with the pair terms













-term has been considered in [9], but not in this























































































Here, for p = a; c the ( )-sign and for p = b the (+)-sign applies. Obviously,  =  =  in (D3). All other quantities
in (3.1) are the same as for pion-pair without derivatives. Here, and in the rest of this appendix, we absorb the
g
(n)
(; )-factor in (3.1) into the denition of the O-operators.
Evaluation of the p-sum and including the mirror graph's, one gets collecting all terms and selecting the contributions




























































































Using the expressions in this appendix we obtain in p-space the adiabatic 'derivative' ()
0
-exchange potentials
























































































































































The nonadiabatic from the 1=M -expansion of the energy denominators and the pseudo-vector vertex 1=M -
corrections are described in Ref. [11] and used also in Ref. [4], section IV. Below, we give the results for the evaluation
of these 1=m-corrections for the 1-pair graph's with the 'derivative' pair-interaction.




















































































given in [4]. Again, we select the terms symmetric in 1$ 2 since the asymmetric terms will not contribute, which is
17




















































































































































































































(t; u) is dened in (B3).






















where upper (lower) sign applies for creation (absorption) of the pion at the vertex. For graph (a) the operator for











































































































































































































































































































































































































 ; : : : .
The SU
f
(3) octet and singlet mesons, denoted by the
subscript 8 respectively 1, are in terms of the physical






















and  are the physical pseudo-scalar













! + cos 
v

Here,  and ! are the physical vector mesons
(1019) respectively !(783).
Then, one has the following SU (3)-invariant pair-
interaction Hamiltonians:









































































































































































)   + (K
y
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TABLE IV: The one-pair isospin factors C
(1)









). The index p labels the type of






































































































































































































































































































































































































































TABLE VI: The two-pair isospin factors C
(2)

































































































































































































































TABLE VII: The d
p



































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE XIII: CoeÆcients 
(ad;na;pv)
j;k
for the (P )
1
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